The inhibition performance of 1-hydralazinophthalazine (HPZ) (1), and synthesized1-(2-[(5-methylfuran-2-yl)methylene)] hydrazono) phthalazine (MFHPZ) (2), 1-(phthalazin-1(2H)-one) [(pyridin-2-yl) ethylidene] hydrazone (ACPHPZ) (3) and (2-acetylthiophene hydrazono) phthalazine (ACTHPZ) (4) has been investigated for mild steel in 1 M HCl. Compound 4 shows maximum inhibition efficiency of 93% at 5.0 × 10 −3 M concentration.
Introduction
The corrosion of steel especially in acid medium is the most common form of corrosion and directly impacts its cost and safety [1] [2] . Studies on the prevention of steel corrosion in acidic environments and the problematic chemical processes that arise have attracted the attention of many researchers from a wide range of industrial sectors [3] . The majority of well-known inhibitors are organic in the molecule, Schiff bases are effective inhibitors for the corrosion of steel in acidic media [6] . Generally, the tendency to form stronger coordination bonds and, as a result, the inhibition efficiency increases according to the following trend: O < N < S < P [7] . Moreover, the surface state and excess charge of the metal surface also affect the adsorption behavior of inhibitor molecules on the metal surface. It has also been reported that heterocyclic organic components have better inhibition role in acidic media [8] . Furthermore, as most of the chemical compounds that prevent corrosion of metals and alloys are toxic, and thus pose a threat both to human health and environment, their usage is limited [9] . For this reason, several authors have reported the use of natural products, and drugs as green corrosion inhibitors for various metals and alloys viz: Keto- conazole [10] , Tenofovir Disoproxil furmarate [11] , Rabeprazole [12] , Torsemide and Furosemide [13] , Metol [14] , Ciprofloxacin [15] , Anthranilic acid [16] , Metronidazole [17] are reported to be excellent corrosion inhibitors.
In view of the above and in continuation of our previous studies on the synthesis and application of hydalazine hydrochloride based ligands [18] [19] [20] here in we report on detailed investigation on the inhibition behavior of hydralazine hydrochloride (HPZ) and its three derivatives: 1-(2- 
Experimental

Synthesis of Inhibitors
HPZ (1) was used as purchased without further purification.
MFHPZ (2) was prepared by the condensation of 5-methylfufuraldehyde (2.4 g, 2.0 mmol) and hydralazine hydrochloride (3.2 g, 2.0 mmol) in ethanolic solution. A 10-mL sodium acetate (1.7 g, 20 mmol) solution was added as a buffering agent. The mixture was refluxed at 60˚C for 4 hr while stirring. The product was left to cool, vacuum-filtered, rinsed several times with water, ethanol and diethyl ether. It was finally crystallized from ethanol as yellow crystals which were used The mixture was boiled under reflux at 60˚C for 4 hr while stirring. The product was left to cool, vacuum-filtered, washed several times with water, ethanol and diethyl ether. It was finally crystallized from ethanol as yellow crystals which were used for single crystal X-ray diffraction studies.
The melting point was determined by a Gallen Kamp melting point apparatus fitted with a thermometer. FTIR spectra were recorded using a Perkin-Elmer Spectrum100 FT-IR Spectrometer using KBr pellets in the 4000 -400 cm −1 range.
1
H NMR spectra were recorded on a Varian Unity Plus 400-MHz instrument, while 13 C NMR spectra were recorded using a Bruker AV 400-MHz instrument and single X-ray diffraction analysis and structure determination was carried out with a Bruker DUO APEX II CCD diffractometer at 173 K using an Oxford cryostream-700.
Preparation of the Working Electrode
Rectangular mild steel specimens with composition (wt % 
Weight Loss Measurements
Rectangular mild steel specimens of dimension 4 cm × 1 cm × 0.1 cm were first polished using 400 and 800 grit emery paper, washed with distilled water, degreased with acetone, dried and kept in a dessicator. After weighing accurately, the specimens were immersed in 150 mL beakers containing 1 M HCl solution with and without various concentrations of the inhibitors for 2 hours. At the end of the testing period, the specimens were taken out and rinsed thoroughly with distilled water and acetone, dried and weighed accurately again and the average value of three replicates reported.
Electrochemical Measurements
The electrochemical measurements were carried out by using CH1608D electrochemical workstation (manufactured by CH Instruments, Austin, USA On the basis of the elemental analysis, IR, NMR and X-ray diffraction techniques, the chemical structures and molecular weight of the inhibitory compounds listed in Table 1 were assigned.
Results and Discussion
2) Weight Loss measurements:
The corrosion rate in milligrams per square centimeter per hour (mg·cm ) and the inhibition efficiency are presented in Table 2 while Figure 1 and Figure 2 represent the variation of dissolution rates and inhibition efficiencies (%IE) for 3 and 4 as representative compounds. From Table 2 Table 3 . The surface coverage (θ) was calculated using Equation (3) below [6] : 
where I corr(uninh) and I corr(inh) are the corrosion current densities in the absence and presence of the inhibitors respectively. The inhibition efficiency (IE %) was computed as:
In each of the cases, the displacement of the cathodic Tafel slope (βa) and the anodic Tafel slope (βc) were not changed markly which clearly show that the inhibitors acted by adsorption process, without changing the mechanism of the reaction [22] . Also, the results showed that in all cases, Tafel lines shifted towards higher potentials in both anodic and cathodic directions as the concentration of the inhibitors increased. Thus the inhibitors influenced both anodic and cathodic reactions during the corrosion inhibition process [10] . That is, the anodic Tafel slope (βa) and cathodic Tafel slope (βc) of the inhibitors were found to change with inhibitor concentrations, indicating that the inhibitors affected both of these reactions.
Furthermore, the results revealed that inhibition efficiency increased with in- (Table 4 ).
The result reveals that with increase in temperature there is correspondent increase I corr . But the inhibition efficiency decreases across the temperature range.
Such behavior can be attributed to the adsorption of the inhibitor on the metal surface, and an increase in temperature results in desorption of some adsorbed inhibitor molecules, leading to a decrease in the inhibition efficiency as previously reported [23] . In acidic solutions, the anodic reaction of corrosion is the passage of metal ions from the metal surface into the solution, and the cathodic reaction is the discharge of hydrogen ions, which produces hydrogen gas or reduces oxygen. In this study, the values of corrosion potential (E corr ) and corrosion current density (I corr ) showed that the free corrosion potential (E corr ) was not affected in the presence of the inhibitors but the corrosion current density (I corr ) decreases with concentration (Table 3 ). The data obtained from weight loss and polarization studies were in good agreement with each other. In both methods the same order of inhibition efficiency (%IE) was observed. The inhibition of corrosion was due to the blockage of the cathodic and anodic sites of the corroding surface. Similarly, the EIS experiments also confirmed the results of the weight loss and polarization experiments. The equivalent circuit model shown in Figure 9 below was used to fit the EIS test parameters. As shown in the figure, R s is the solution resistance; R ct is the charge transfer resistance calculated by from the difference in impedance at lower and higher frequencies; CPE dl is the constant phase element of the double layer is used to replace capacitance; R ad is the adsorbed layer resistance and CPE ad is the constant phase element of the adsorbed layer.
The constant phase element (CPE) is introduced in the circuit instead of a pure double layer capacitor to give a more accurate fit. The impedance values of CPE for the steel electrode in 1 M HCl solution are expressed as [27] :
where o ϒ represents the magnitude of the CPE, ω represents the angular frequency (ω =2πf), n is the deviation parameter of the CPE: 1 1 n − ≤ ≤ , and j is an imaginary number. The values of the interfacial capacitance (the capacitance of the electric double layer) (C dl ) can be calculated from the CPE parameter values o ϒ and n using Equation (6) [28] ( )
The inhibition efficiencies (IE %) were calculated from the charge transfer resistance using the Equation (7) below:
where ct R′ and ct R indicate the values of the charge transfer resistances in the presence and absence of the indicators respectively.
Values of EIS parameters corresponding to the impedance spectra recorded in the presence of the investigated compounds are listed in Table 5 . Figure 9 . The equivalent circuit model used to fit the impedance data for mild steel in the (a) absence; and (b) presence of inhibitors. In EIS, value of R ct reflects the degree of difficulty in corrosion, the higher the value is, the lower the corrosion rate [29] . It can be seen from the table that for both inhibitor compounds, the values of R ct increases significantly with increasing concentrations of the inhibitors, which demonstrates that the inhibitors prevent the corrosion reaction effectively. The results also showed that the IE% increased with an increase in the concentration of the inhibitors. This result is in good agreement with those obtained from weight-loss and potentiodynamic polarization measurement.
It was also observed from Table 5 while, the adsorption mechanism of the 4 and 1 inhibitor compounds on the mild steel in 1 M HCl can be described by the Temkin adsorption Model [10] .
Thermodynamic parameters are important in understanding of the inhibition mechanism. Table 6 depicts the thermodynamic functions for the dissolution of the mild steel without and with optimum concentrations of the inhibitors at various temperatures which were calculated. The negative values ∆H and ∆G and the positive value of ∆S may be attributed to spontaneous adsorption of the [32] . The results in Table 6 have values of ∆G closer to −40 KJ·mol −1 indicating that the adsorption mechanism of the inhibitor compounds on the mild steel was typical of chemisorption.
The values of Ea for the inhibited and uninhibited corrosion reaction of mild steel have been calculated using Figure 10 and recorded in Table 4 . The values of Ea found for inhibited systems were higher than for uninhibited system showing that the dissolution reaction of iron decreased in the presence of the in- adsorption [33] . The presence of these additives induce energy barrier for the corrosion reaction and this barrier increases with increasing additive concentration.
Conclusions
In this study, novel Schiff bases derived from hydralazine hydrochloride 1 viz; 3, 2 and 4 were successively synthesized and characterized using various spectroscopic methods. Weight loss, potentiodynamic and electrochemical impedance spectroscopy (EIS) measurements were used to study the inhibitory effect of the 
